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ABSTRACT : PROBLEM TO BE SOLVED: To work a non-axisymmetrical aspherical surface in a short 
period of time and with high accuracy, using an NC work machine. 

SOLUTION: In working, a head stock 5-mounted Z axis table 3 is fixed to prevent 
movement. A workpiece 9 is installed on the chuck 8 of the hard stock 5. The workpiece 9 
is rotated around a main spindle by means of a spindle motor. Meanwhile, a cutting tool 
15-holding slide reciprocates in the Z axial direction. A slide-mounted X-axis table 4 
reciprocates in the X axial direction. The slide and the X-axis table 4 reciprocate in 
synchronization with the rotation of the workpiece 9. The slide 4 and the X-axis table 4 
reciprocate in synchronization with each other. 
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i 

2 tt#ft tcttS-T & X $&7&u:&$l&&tt X la ^ - 

l *r m&2A'm<?m^b m$l 0 r W2 XSsr - T'Jtrfcflir 
IEX Mtfi&l ccgst/J 3&mcti $ € * KZIS £ * 6 «8 
0 . By i H&lS.f?IXXfS <t 2 « 0 jg o& # 
saXff^o[>t8i5^RI^B««:aixr^c 

[is*3f 2 ] bTisEx? <Y KSc/iTiaxlar-^timi 

^ h ^iBXf^<^f^^*^r^^or^S!i3ii6 
M#9i i tcgafti®#a»iM»ffl<?>JBX*tto 

ofcttfe o tcfeg^f * * 9 h »t*KH* $ ftR^mzm 
m l Xii2 tcia^#«Wti«l=i*H©ttx*fe 
[ 0 0 0 1 ] 

[£W4>JBT*Kffi*WH COftStit. NC*liXft*J*l 
l^Xffft«rtn»ttDXf * C i tCi: U>X^ 

[ 0 0 0 2 ] 

&fi£«xi*»x o, (±±tf <t orwfi«igrw» or« 
»w»i=aa*Mfp^&fc«>©wjg«iato 
rat. «£3&^6«i«>^cD**»snrc*&. 

ftX¥£S6. 1 993^10^, f 131-1361) 

ttr^»A(cg2«jtsnfc. »**H£xii*:?rr*ffi* 

i*. x^i or tt**9tMM># y $ * >i*ftfli», 
x*^*4&Jaxa±oiaX)SK:*5W*ft«*i«att:>»o 
rWc-*Oftfl[«rlS^>J:^ica2S0. «fiEWaWI»& 



2} ttHVl 1-309602 

2 

ftfio-r* ci(a»; *i-fr]X*ft5£4*#f& *>tiz>£ $ icte 

^0/cto)t'*^ JLSflrS^Kt*. fitfi£&fa±r£ 
fc*>C3»Brfc 0 . tt-btf fiQXKlfil < £ c » 5 n&Mb £ 
*QX^^t^^|i]fi^'^C<!:^^Trsr^^< > 
0*»*. Xfm<om&&8t&&*&L+ 1 pair*0, 

[0003] cticctto-c. MftMMI»Vp ffl*u:, 
WB ©fc C >' #*r$m ktix i^XSMd^ # 

fc£&tt. #*S»f.WB*ffl«rWaSor«lfP'r&* 
SiU, fflM¥8-l 9 23 4 8^£ffiKlE^3nfc 

tuteXfttt*. Xta, YMfttf2Sto#fl0<W£tttl 
T * C <t cc J: -> r ttBM0l*s* $ &54rlslK<* it X 

WJgg8i0ry^^*>K^-^ h*ffi^0. luia 

^^**BR$iirwfi^*sr2©x« 
20 ^2<^>Xfi^^xfcBiiiax^?:. i?aa«E5^isii^ 
^ $njaoffirgatiaswiwi iisilf KteKWiais n&si 

cc?S0, S^l5^BlK$tr. StSSSIiSKi^Sti&l* 

ram»cw^s*i5saxf^tc^3 -t* x&&?&m 

3<QX&.ttit>*>KL&hQ>X'*>Zo 

^ £ irr * *a-?t/ ^ > > $ -ifiHgm $ nr <r ^ 0 

30 ^ ^ ^ ^ d?ltoXff«5 1 8 *:£fs-& 1 9 

bfcX(Ht-^2 0t. W5*»fcjMX« v 
^ >T * ? ^ - > ^O^]^ 2 1 ^KijlswTg^tcBBi 0 fit* 6n 
^>€&H^ e > K ^ 2 5 ^ ^ A 2 2 O^c Z Is-r 
-^2 4 t%MS ^VjXh&o CCX-, 1 8 

9©^8*2 3 <C*a> H0«:H«SO. XiB'7 
-^2 0 ti^*42 3 ±fca^&*ftrofcX«B#WC# 
ttwI6fer*>0, Z^r-^2 4 l«W2 3<^>l4^pSJgp 

z w^tsi cc® pjffer* f) , ?3<g92 ntass^tvK 

40 [ 0 0 0 5 ] *«B9FM8 1 7 tcft»>r , Xf^te 1 8 
I*. ^«*ftr^««W^affiJB«K:J«iX*n 

TMt O CCC'5£^2 1 ii:Ygs^B)^Wtt^f9ih$ 
n, «S2 lfcYWSOKHSSi**. NC»a*J 
CttoC'Bgai^Xf^l S^islls^W^iirZW^- 
^ 2 4 & Z H£ffl W&XESb $ 1*^: ^ , SSH 2 1 r 

xfp«i 8«>«254Wfl?axf ^ 0 xmai8<*> 

Isie^iH] $ i*r X - zT)l 2 0 Z XSriitMC 

<»m%&*bAt*~2*:'&*i>c.fr£< or, xf^fei8 
so ^s^^^ccjfii^oriJDxr^. 
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[0006] 0^l/ft**6, ±&8W¥B -19234 

ami 7 *<&mi>rcm*ttmz, ^-rntcor4>. «fjs 

«7*-**'<<f uctftsor^***. xfPtai a 

testis ^ ttr^rajs^ofeo 

[ 0 0 0 7] £ fe. #MiffMM 1 7 Z&?-7)\> 
^ * C i 9 , XfF* 1 S ft A«tt!ttraqflXH*ccAl 

C o o o a ] ic^t, «ty?*:/h<* < oxisawsm 

(*MW2 - 1 8 0 5 0 3^2:18, 4*^*3 
- 7 3 2 0 2 *i . 3*N C L> - KJJDXtti*, V 

t#5<z> y - K«x*w*ct? fcawc. ursa 

[ 0 0 0 9 ] fc<L;li*. 4SWF2 - 1 8 0 5 0 3 5£tft 
KM*3ftfcNCy~KJflX»2 6«. @9a^HlO 
K^-rJ^tC. ^2 7?:^$'ti'5^fc*>K^-^ 
2 8«4E*i^*£±M&2 9. 2 7 G>«##firC*> 
& Z tt*iai tcsa^ISStf Z f 4-7 - 7* 3 0, 2 tt*|filtc 
&5T&Xts#^C2^-^U3 0±<:^Jtt»Ittt?4> 
-7'Cl.^ia^2 9*$®UfeX«^-^3 1. ifeia 
2 7 ©jaatii^ ?>tltt? * v >?X&Z>i?v >^3 2 , 
i7^>-7"3 2«:Sf*$n*Xfffc3 3£*hfil**iaficc 

3 51*. f-^3 4«:ao ttCi^-K*-^3 
6. t>--**-*3 eoKfiWii— f*«fi«>@lEtt3 7 

^^3 7©B(6aj^iti>ra««ifcpFiSfit^^ 

h3 8*W9ttttfc*** K3 9, SO'^-7';U3 
4fc»Qf+W , fc*?-f K^-a4 OK*?-* K3 9&2 



3) 1 1-309602 

4 

[00 1 0 3 NCy~Kfc]X»2 6tt. K39CC 
m*>ti*it*ML*U Y 3 8#£t*&2 9<c«fttsfcXff 

to 3 3^0^^^^^ot— h o- * r-msistfr 
i/cffen? &£$tcm!avtci>o>X'*>z < > y-Kfiox*: 

?T^B5«cl*. Xtt^-^3 £162 
7ttfi»#<S*i*Xf?«J3 3«W-!K*-*2 8fc<fc&B 

^-**-*3 6*ff»3trci,*4. «tt*(C#. XfE 
10 $93 3#-EI£*r£SCC. Ztt»ttffl-^-#*-»3 6 

i*g5«»»tjss»ft&-«x h a-^r—StTorfe 

♦J, iJ^rttgtiUb£BlBtt:. 2is^-^U3 0i*, X 
fffil 3 3 <BP , 'J — K# 1 $ 

n*»c> p Hi ItCjnTcfc^K, Xff«s3 3*^«fe 
ii m ©ttj^-CBS* p T^^tt 1/ . «#J&K:*r ^> ^ r- 
<Xf^133 3 3 (D^ffltC.^S U - K3kE« 
^^f=j^SBP*> A 5 L > $ -CMMM t « o &r C t tc 
ft*. NCU- KftiX»2 6l*, ^-t3 5*«ai?* 
^f^itcc. XflF*3 3*10 0 0 r pmOBGOKt? 
20 X&BKdttftfts&iJ-- KMx«rllrrc4^t?*-S<»a> 

[001 1 ] 

we-r **&^» 6nr * ^c> a«© n c *dx«*ci*. 

tj , ^ < -f F t?W(W o rMWMWi fe«W * c <t l* 
30 [ 0 0 12] l/*Oft*&6. Pftcc J:**ftl*J«Xcca 

#W»*WWiB«:*!JfflJBXCC J: VCKiK' 

* * <fc ^ tcf * c i &mmt? h h<ox-th z>« 

[ 0 0 13] 

aa * igft-r * c <t o , n c y - K*ni*»i?rr * 
»DX«i«rfa« u >X9©xfMWc«or*M**WR# 

XCC-fc«><D#m«i L/tfiS$nt^fcNC y - KttlX 
[0 0 1 4 3 COD&W*. ^j44HI£S-tt*^-»«:» 

^[^r^*ztt*isicc^pjteftztt^-^. Pia 
^«i^a«c«»$n*xfffti«i$ir*iie«:ae$ 
niowa 2 M#*i ocfifiK-r * x ^r^tc^ftsjesft x 
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5 

£ *=> to & n c ttixft £ ^ c * r m izjLrzmc hqx * 

ikU |?iax^<0[sl^<LFJ^O'CBygax^^ KtBTS 

m-x^cc^c »t wiaxfPtsaoiaKi row or H«tax ta 

jgoja^&fr&axf^^ifi^ 
[ o o i 5 ] c©#W*»fM»B^.fux#ftK:4«c»r, 

[ 0 0 16] !5iaSgfkttHi*BsBXtt^-^<CK»J W 

fcttia<>tcff£r*?-? h8»^Kia*snja^OTa@is 
[oo i 7 ] c©#«fi»tw*«®QSax#£i*. ce*. 

'J - FiJDXO>fe«>cr>#ffi«-C^ fcNC 'J - KfiHXtR* 

^N**M»#«aa>ftix«:a* 

ftii&XS U fc N CftiXWC cfc - j r . #N»itt#8ifi* > < 

^ h rAttiKK: aoauwe toffliftiXT * *><Dr<fe *<> bp 

fc. NCy-KttX»tC^*t: t ifitefcteeOfcX* 

fcxH?~?*e£»B?*c x&imcofc& 

[0 0 18] #W^#«i5*aiXr^fc«> P C©NC 

MXCIStcli. IgefeZZmotc ZH*-7M*Wbl> 
ttvXWm&Stlh. 3E*t&V> fiy^ftc l*Xftftfls 
KOft^&n. Xffftrt** t*> KA*-*k: J: 9 <c±tt 

kid (c^iiD) (cBftre. — #. >w t&fS8i,fc 

Sfc, X^-f F<r4BB0fcXM^-^ttXlMM 

<ctt«3*w*. K»ufx»^-^iKE>tt«aifc 
i*XfM»«>BI£«:iai»i/*ciTbn*<t^<>«c. *^<* K 

[ 0 0 19] #MMtt#SKiB^ Ut. XfPBNDBIMK 
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5 

tc-^TSWrr*. XfH3a«-H*8'T'SraK:ft*^A:<t 
*tf9 0ftsc«ffcr*»&. ^ h©*4>i^*<*>S: 
fteitorxi**ftcc*l««ttW*r*tH*K:2 

ii, XttlMKfrNENEA. l W#firr& iratta: Z«* 

-time f»'h«aseAh « ^ v*r & t&m&Jz b < a o , 

XI**iSitc»/|«*t-Ai«W»ttT*iraB»«:. Zla 

ffltc&fgstt'r&o -euc. xff^-©^^stcx 

[ 0 0 2 0 3 

cc ^: ^#^ISWi£^fflfl>»X*«<C«tfi«&SaWT*^ 
ST. Hi, 02SO13^il/C, ccr>#&B^<<:j:^> 
^M4««*^©*DX***SaftT *BS«: Jl ^ ^n^N 
cttxt»tc^»t:gftwr*. m i i*ccDftfitc<j:*#tt 
*H**»ao»x**K:ft«3n*N c*ox««:^as 

its i tc^NCJjiixtftflDTaat 1 ^*. 

[0 0 2 1 ] ccD»"«tCc*:*#aa»IMK»BO*0X*ft 
«Sa-Cd ^>N CfiliX& 1 i*. ^£iaCCC^^^J 4 C*>* 
2tt*|SlKl»«|nIftto2«l^-^jU3 Zia^tCti: 
SET ^ X tt*|4tt:9tt Bffe & X - ^JU 4 i A 
2 <<: r ttK 5 *i fc C>©-cab z«f- ^ 3 ti 
5 ^n, Z H ^ - -/A 3 - X 2 (cm 0 

[00223 -*, xa*^-^U4i*Xff«l9i«lfilT 

tci**-^i i*i<saa$n'cc»*. ^-^i n*. Zss 

^AKttSast UI^A7 ^ K 1 2 a 7 K 1 2 * 

y 1 StCliM^ h 1 S^RDWt&tl^o 
»*X*'7'-^4K:»DrtW^n^cX^-< K^-Al 

2tt*iflitc»«i5ite*cs»r*«B« <!M^i*ir> €:<i^ 

tc^o Kl 2l«— 1 4«>8B*«ii— 
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[0023] #lii^WiBa>aiX«>B5ccia:. £ffc&5 

r i scosaatcffoftw 

h 1 5ii. 2©ttfgi«W:f*-?t: 
Ztt#ffl*c&HE»T*<fc£t>cc, Xttf t -^W4i- 

1 0 0 2 4] NCttiXa 1 ft. A7^Fi 2cr>££>£>£ 

«*.**. B«^*0fcJ:^«S£*O*«BW»W 1 7<» 

ffltr^T***. H8®^BWH9J»i 7r-«, Zfs 
:TA2 4£rs^A2 2<LS&aAtf> KMU2 5£Zis 
^GlK&fgjMl s 1* wn«r* &riGM»0S;fc# K iCDK 

ra5n*NCJflX«UTt**^ F 1 2^&m^$ii 

*rt«:-*t*r#* t . WfflBRtfm l 7 riiitts i 9 

iXM^-^2 0 «a«jffl»S-tt*©Kl»l/-C. NC 
jtoXWlTM:*-* l iiXia^-^4«:&'iS^$ 

¥#<£mar'& Zip t> , N Cttix& l ©**s«4 * fc'J> 

& 1 03ft&Bt££*l*5 0 0 r p at?*W Xtt*l6icr> 

fc. < r . e , h > r-Wtf * ^Is^gtcigte $ n 

rtox?*DNCjss&w?*>n*. cn^cs*^ 
[0026] WBittDiii. ±ffi«Mtf ? -*K:S-3c»'«& 

WMW-^* - * 7 feO'X ? 4 K 1 2 gg£jm<»** 
<H^T> K«fc^r*ftWK:tMB5n, K12 



5) ftBJF 1 1-309802 

i 4«c§ftW4>nfc^^^2-^ <mtt£ 
<3Matt»*4lte^n, fttffi&K-m^xv-**- 

csfliMsn*. 

[0027] WC. C<MH^ J: &#MAHMWiBC[>ftl 

(fil^6I&t, 04 (B> ©Jfc^CCfcO. Y^ffiS^m 
a>*>fa&±, Hi*sX-*iai3^6ja*i. 04 <C> ©j:^ 

[0028] JOKM** i^X^J: 

Xf^ftl^^K^iEM^e>^cBA^5 <A> r-^^o C 
©XfP&«>®««. X«WB«r±^6B&&. Hi*>Y^ 
mfr*>fLZ>t* 05 ( B ) <D£ 5 (C^t 0 , YeaSi 
B«:IH^&A&&. fiPfeX*|3]^6A*<t. <C> 
©A^cctfO. x*(aio^2piY^i*!<z>ft^ie^^ftr 

[0 02 91 *«:±fiB5 <B> <bB5 (C) 

±«:st3-cBi<i, B5 <b> <M&&jmimG<D&m 

rBC'fcKHBKtc. H5 <C> <DWfl5^«ti@6<05& 

I*. -en-en y-/v*> n &cm«uicc>»W« 

40 5S»C@C*fcftiB<©J: ^«Cfi*0>^:*i«ffl<:ftlX'r-& 

[ o o 3 o ] xrHUdfttQ oaoaft-r-ssK:, ^. * B 

itoc-ttflw*^9oa[B«£"r-st, «o*<wt me oc 
^T^otc, x«*^<c»/i«8ifc^i^»ftr'S^K 

KZJ:^ frCXf^*39 ^AOXr *«:Xffi«f9^SI*c9 
0 Sg^isT ^ <h . m -f h X la^rsjfrc fft/hSMB - ^ 

50 Sft^a>BSffi«:«r&J:^«:xff«»9€:*in:^^ ec 
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Oig-To BP*. Iff 9 # lleHsf £f!5cc, h 1 5 

Ah'C&m^£2@Si!0i£l,, A7^K! 2®f£fga 

la^ - 4 4>i*r^OX h o - t? A rcffifKSBi * 2 Id 

iC»0» <t<Dfei^2^mf -sciu:^*. c-ur. Iff^9 
9 ft* lBK-T-SSK, XM^-7 r JU4i*Xff^9C'^>Cv 

5 tflff 9 <D9i$l&t><P<blC&\fi> o X ifc *r to] %S ft R 
&»< J:^tclffft9^ifira^Pitt^ailSti. # 

[ 0 0 3 I 1 N CJJOia 1 tt, S£*«)#«bWFBIW 1 7 

# 5 iff to 9 <om&k^^marr zct *hi> 

<?&C£& % CZ, * 20 

Oii t&gn^K &EI f €>(5@^MA^'n cc ft £ £ 5 tc*ij 
err *¥IM* & . *** - ^ * > ©4* J: * 

[ 0 0 3 2] 30 

n-cftfcNc 'j - FiM3M*&muxii&ftVf2tfm£ e 

mu^iniOT^D, tMHUQltcj:^. KIA 7 

[00331 * ft:. C <Z>E J: 6#Mjtt«RA«BM>llD 1 2 
I#&tt. h*Efc0tf(*fcA?4 KftWWtOrifi 14 



(5) $$&9¥ 1 1-309602 

10 

#SB*7fctR S'cailf * C £ 3^-cft -5 J: *> Kft *<> 1/ 

ft. is^rat?ifgtt«:ftiir&ct^cft&. c©*^ 
&c£*vcfta£^*cft£. 
m s n& n ctoi»**Tip»B'Cfc*o 

[B3] HlK*?NCttI»<^ifiiBl?4>&, 
[04] ^^t-sK-ABI»E>«WCab*. 

[B 5 ] >• u > xmrobmbb t**&. 

A4WRff*^BMB'C&*. 
[B? 1 -rf^UVXOft^CC-^^-CBWr&KWBX 1 

[B9] NCy-K*DX*«:^«iBBr*>&. 
[B10] HdfcSWNC KlOHlMtjBB'CA 

[B 1 1 ] B 9 N C «J - K*DI«l'CXfft»(ci* L, 
X *) - KttlX^tfifi ftOWWttfeimr&KKB'C 

1 NC*0I<« 
3 Zgar-^'l 
4 



Xff^9 • 



[08] 



II 1] 
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(3) ftm^- 1 1-309602 



m6] [a?] 




70> |-^-:.>©S&* 

awMrtttJuatHTB 3# i * esses 
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